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This paper, which contains a  continuation of work described in two others 
(Ponder,  1939;  Ponder and  Hyman,  1939),  falls  into  two  parts.  The first 
deals with the effect of temperature on the magnitude of the acceleration of 
hemolysis; the second deals with the behavior of the "acceleration constant" R 
when the asymptotes of the time-dilution curves for the standard system and 
for the accelerated system are approached,  and  with some curious relations 
which  arise. 
1.  The Effect of Temperature 
To find the effect of temperature on the acceleration of hemolysis produced 
by benzene derivatives,  I  have set up systems containing 0.8  co. of various 
dilutions of saponin (1 in 10,000,  1 in 20,000, etc.), 0.8 cc. of saline (1 per cent 
NaC1), and 0.4 cc. of a standard suspension (the thrice washed  cells of defibri- 
hated rabbit blood finally suspended in 20 cc. of saline).  The times for hemol- 
ysis in these systems give the standard curve (S in Fig.  1).  A second set of 
systems is set up, the only difference being that 0.8 co. of an accelerator (e.g. 
10 m~/1. benzene) is substituted  for the 0.8 cc. of saline in the standard sys- 
tems.  The times for complete hemolysis in this second set of systems give the 
accelerated curve (A in Fig.  1). 
Standard  curves and accelerated curves can be obtained at different tem- 
peratures by using a  series of water baths  (12°C., 25°C., 39°C., etc.); in this 
way all the observations can be made on one sample of blood.  The curves are 
subsequently analyzed, and Fig.  1 shows in a  general way how R, a  constant 
which measures the acceleration, is obtained (see Ponder, 1934 a). 
The results for three quite powerful accelerators are shown in Table I.  It 
should be pointed out that the values of R  which are given are those in the 
range in which R  is constant, and in which the concentration of lysin is rela- 
tively great (see below).  Each R  value represents the mean of from 5  to  7 
points on the curve.  All the accelerators were in solution in  1 per cent NaC1. 
* This  investigation  was  carried  out  under  a  grant  from  the  Simon  Baruch 
Foundation. 
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In each case the value of R shows a negative temperature coefficient.  Since 
the evidence is that the acceleration of lysis takes place in the neighborhood of 
the cell surfaces, and since the amount of acceleration is generally proportional 
to the amount of accelerator, the result points to the accelerators being concen- 
trated at the cell surface by a process which has a negative temperature coeffi- 
cient (followed by a combination with membrane components and with lysin). 
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FIG. 1.  Ordinate, lysin dilution and concentration in micrograms; abscissa, time in 
minutes.  Standard time-dilution curve marked S, and accelerated curve marked A. 
The dotted lines show two concentrations which produce lysis in the same time, from 
the ratio of which R is derived. 
TABLE I 
Substance  Concentration  39°C.  25"C.  12°C. 
r~,~  / l . 
Benzene ........................  10  0.74  0.67  0.46 
Indol ..........................  1  0.55  0.32  0.21 
Nonyl alcohol  ...................  0.5  0.73  0.62  0.46 
This agrees with conclusions 4 and 5 in a recent paper (Ponder, 1939); v/z., that 
benzene is concentrated at the red cell surface, that it can be washed off without 
leaving permanent  effects  if  the  washing  is  done  immediately, but  that  ir- 
reversible effects remain if some time is allowed to elapse before the washing. 
Indol is concentrated similarly. 
2.  The Effect of Lysin Concentration 
If one uses a lysin such as saponin together with a powerful accelerator such 
as saturated indol, one can plot a standard time-dilution curve for the saponin ERIC  PONDER  249 
alone and an accelerated curve for saponin plus indol, and so One can measure 
the acceleration by evaluating R in the usual way.  It will then be found that 
R is substantially constant while the concentration of lysin is greater than the 
concentration corresponding to the asymptote of the standard curve, but that 
when the concentration in the system is less than the asymptotic concentration 
for the standard curve; i.e., when there is not enough lysin to produce lysis 
per se in the absence of the accelerator, the value of R  falls off towards unity. 
The limit of the analysis is obviously the asymptote of the accelerated time- 
dilution curve. 
This is shown in Table II and in Fig. 2.  This figure shows the sharp change 
in direction of the curve in the neighborhood of a  lysin concentration corre- 
sponding to the asymptote of the standard curve (22 3').  What impresses one 
is that from a lysin concentration present in the system originally, and upon 
which indol acts as an accelerator, of 2000? to about 33% the acceleration, as 
measured by R, is constant and the values fall on a vertical straight line, while 
all but one of the points below 333" fall on another straight line passing through 
the origin R  =  1.0.  On general principles, I  do not think that the results are 
really represented by  two  such  straight  lines,  for this  involves  the  idea  of 
complete discontinuity, but in the first instance it is convenient to treat them 
as if they were. 
Call the concentration of lysin in the standard system c~.  If no accelerator 
is added, plotting values of 1/c, against the times which they take to produce 
complete hemolysis gives the standard time-dilution curve.  If an accelerator 
is added, the concentration of lysin, as judged by the time for complete hemol- 
ysis, appears to be not c~, but the smaller concentration ca, which is accelerated 
or "potentiated" by the accelerator.  Let 
ogc. =  g  (1) 
While  c,,>c,®  (the  asymptotic concentration of  the  standard  curve)  R  is  a 
constant R0, but when c~<c,®, R  increases as ca decreases; i.e., the acceleration 
becomes less.  The values of ca now lie on the straight line passing through 
R  =  1.0.  If the slope of the line is k =  (c~/1  -  Ro), 
and 
or 
and so 
c~  =  k(1  -- R)  (2 a) 
R =  (1 -cJk)  (2b) 
R  =  i  -- ca(1  -- Ro)c,®  (2 c) 
co =  c~(i  -  ~o/k)  (s) 
There must be one value of ca which makes c~ =  c~= in expression (3); i.e., there 
must be one concentration of lysin which, when accelerated by the added indol, TABLE II 
Dilution I in  ~, rain. standard  t, rain. +  indol  R 
10,000 
20,000 
30,000 
40,000 
50,000 
60,000 
80,000 
100,000 
120,000 
140,000 
160,000 
0.167 
0.50 
1.4 
2.5 
5.5 
13.0 
40.0 
>120.0 
0.058 
0.109 
0.183 
0.268 
0.350 
0.535 
1.0 
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40.0 
100.0 
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0.35 
0.35 
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FIG.  2.  Ordinate,  c,;  abscissa,  R. 
Table II. 
The  crosses  represent  the  values given in 
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appears  to  be  equal  to  the  asymptotic  concentration  c,~  for  the  standard 
curve?  This value is 
Co  =  11(tlc.to  +  ilk)  (4) 
The same conditions must apply to the asymptotic concentrations as  to  other 
concentrations less than  c,®,  so 
ca.  =  co.(i  -  c~Ik)  (5) 
Again there must be one  value of ca which satisfies the  conditions, and  this 
value is the same as that in expression (4).  Substitution in expression (5) of this 
value gives ¢,~, so the concentration of lysin which, when  accelerated, appears 
to  be  equal  to  the  asymptotic  concentration  in  the  standard  system  is  the 
asymptotic concentration in the accelerated system. 
TABLE III 
c,.~ ----  22~,,  R0 =  0.35 
k -- (22/0.65)  =  33.9 
~GI  to 
1.0 c, to 
0.9  c, to 
0.8 c, 
0.7 csto 
0.6 ¢,® 
0.5  c,® 
ca, ~,  R  (I -- R)  ca/R 
22.0 
22.0 
19.8 
17.6 
15.4 
13.2 
11.0 
0.350 
0.350 
0.415 
0.480 
0.545 
0.610 
O. 675 
and so on. 
0.650 
0.650 
O. 585 
O. 520 
0.455 
0.390 
0.325 
63 
62.9 
47.7 
36.7 
28.5 
21.6 
16.3 
To set forth these relations in a  somewhat different way, let us tabulate in 
Table III the data contained in Table II. 
In an accelerated system the concentration c, put into the system together 
with the accelerator experiences an acceleration R,  and acts as if it were the 
greater concentration c, =  c,/R (expression 1).  Looking at the last column of 
Table III, we see that the concentration apparently acting may be indefinitely 
greater than 223" when c, is great, but that, as c, becomes smaller, there comes a 
point where c,/R =  223,, the value of the asymptote c8, of the standard system. 
Expression (4) gives this value of c,, which is 13.333,.  This corresponds to the 
asymptote for the accelerated system;  if c, is less than  13.333",  the value of R 
1 The  nomenclature in the literature is neither completely satisfactory nor used 
uniformly.  Sometimes cl is used as referring to the standard curve and sometimes 
to the curve which is compared with it, and the measure of acceleration or inhibition 
is sometimes given as R, sometimes as l/R, and sometimes as 1 -  R, as may be con- 
venient.  The nomenclature which I  have used in this paper is intended to be self- 
consistent, but even so some of the expressions, such as (4) and (5), are very trouble- 
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associated  with  it is not sufficient to  raise  its potency to  that of 227,  and 
complete lysis never occurs. 
DISCUSSION 
The point which obviously requires explanation is that the acceleration R is 
constant as long as enough lysin is introduced into the system to produce lysis 
per se,  but that  ff a  lesser amount is present the acceleration is  reduced in 
proportion. 
The simplest way of approaching the explanation which I propose is to begin 
with  Gorter's observation  (1937)  that  the  amount of saponin which is just 
enough to produce complete hemolysis is just enough to cover the cell surfaces 
with a  monolayer.  In the absence of an accelerator, this complete covering 
will occur when the concentration of lysin is c,. or greater; when the concen- 
tration is less, covering will be incomplete.  Now if we assume that an accel- 
erator produces its effect only at regions of the cell surface at which lysin is 
acting,  2 the acceleration will be constant for c,.~ and for concentrations greater, 
but for concentrations less than c,., where there is incomplete covering, the 
acceleration will be proportionately reduced.  This is what is found. 
There is, however, considerable doubt as to the interpretation to be placed 
on Gorter's observation.  In 1930 I  arrived at a  somewhat similar result for 
the case of sodium oleate; taking the minimum quantity of lysin needed for 
complete lysis on the one hand, and the dimensions of the oleate molecule on 
the other, I  found that the molecules available for each cell would just about 
cover the cell surface (Ponder, 1930).  But, as in the case of Gorter's result, 
the figure is a  maximum value, for a  large proportion of the lysin combines 
with liberated hemoglobin and other cell contents, and the lysin continues to 
react with  the  ghosts  of  the  cells which  hemolyze first.  Thus  if the  total 
amount of lysin needed for complete hemolysis turns out to be just enough to 
cover the cell surfaces, the reaction which results in lysis must take place at a 
smaller surface than the whole surface.  Further, lysins such as saponin are 
not taken up by the cells immediately, and a considerable proportion is always 
to be found in the suspension fluid  (Ponder,  1934 b,  1935), while the photo- 
dynamic lysins erythrosine and eosin, the saponins smilacin and helleborein, 
and  many of the  soaps  are  lytic only in  concentrations much  greater than 
required to form monolayers at the surfaces of the cells of the systems.  These 
constitute additional difficulties in the interpretation of Gorter's observation. 
Alternatively, let us look at the evidence which suggests that lysis can occur 
when the cell surface is incompletely covered, the membrane breaking down in 
2 The localization of the action of the accelerator at the cell surface is based on quite 
good experimental evidence (Ponder, 1926b, 1939, and the first section of this paper). 
In the case of certain inhibitors the situation is different, for the inhibitor reacts with 
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spots,  and the hemoglobin  escaping  through holes.  The idea was originally 
put forward in 1930 by Abramson,  who showed that sheep cells sensitized by 
amboceptor  retain  their  electrical  mobility unchanged  although  they  are 
hemolyzed by the subsequent addition of complement; this led him to suggest 
that the lyric process may be restricted to certain spots on the surface  ("key 
spots"), too few in number to be detected by a  change  in mobility.  "This 
hypothesis postulates that lysis takes place at isolated points on the surface 
rather than by a uniform change in membrane permeability.  The hypothesis 
does not necessarily infer that these spots are structural units arranged in some 
pattern and picked out by the lysin because of their vulnerability" (Abramson, 
Gorin, and Ponder, 1940).3  Much the same point of view has been expressed 
by Abramson, Furchgott, and Ponder (1938) in a paper describing experiments 
which show that the mobility of rabbit red cells is not altered when they are 
hemolyzed by water, freezing and thawing, chloroform, or saponin. 4 
Before this, however, the same kind of conclusion was arrived at in a wholly 
different way.  In 1934 1 published preliminary results of a study of the rate of 
escape of hemoglobin from hemolyzed red cells, and shortly afterwards Fricke 
(1934) gave a theoretical treatment in which he derived the permeability of the 
membrane to hemoglobin, #H, as a function of the time required  for a cell to 
lose 90 per cent of its pigment, or the "fading time."  On the assumption that 
the pigment escapes through N holes of diameter d instead of uniformly  across 
the entire membrane, he also obtained the product Nd as a function of the 
fading time.  Ponder and Marsland (1935) then showed that the fading time 
is a function of the lysin concentration in the case of saponin, and later Davson 
and Ponder (1938) found that even in the case of hypotonic hemolysis  the 
fading time depends  on the degree of hypotonicity.  Ponder and Marsland 
calculated that when the concentration of lysin is great enough the reaction 
between the lysin and the membrane component would be so rapid that as 
much as 10 per cent of the entire membrane might be disintegrated before the 
end of the fading time, short as it is, but when the lysin concentration is small 
the situation is different.  Ponder and Neurath (1937) placed cells in contact 
with monolayers of Ca-stearate, and found fading times of about 10-15 seconds, 
which are about the same as the fading times found for the most dilute saponin 
systems in which complete lysis occurs.  (Again Gorter's idea of the necessity 
of a monolayer for lysis appears.)  But from the fading time the permeability 
*  The complement fixation process is probably of a  special type, in which the 
taking up of the complement  is predetermined by the special positions of the antigen- 
antibody complexes on the surface. 
4  They also found that the mobility of oil droplets or quartz particles completely 
covered with saponin (0.1 per cent) is more than twice that of ghosts in the same 
saponin concentration.  This point should be borne in mind in discussing the pos- 
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of the entire membrane,/ZH, or Nd, the number of holes of diameter d, can be 
calculated, and for a fading time of 12 seconds IZH =  0.186(10  -4)  cm./sec., or 
Nd =  0.25 #.  This last figure corresponds to one hole of diameter 2500/~, 10 
holes of diameter 250 ~,  100 holes of diameter 25/~, and so on.  Ponder and 
Neurath suggested 10-20 holes of diameter 250-125/~ as being the most likely 
to meet the requirements.  It should be noticed that the combined area of such 
holes would be less than 1/10,000th of the cell surface, and so their existence 
would not be detected by electrophoretic methods.  Unfortunately, we could 
also have areas of permeability of diameter d  and of finite permeability #it 
instead of completely permeable holes, for the two possibilities, that of holes 
and that of increased permeability of the entire membrane, are not mutually 
exclusive. 
There is a  close correspondence between these results and those obtained 
from measurements of conductance (Fricke and Curtis, 1935), for when lysins 
are used in low concentrations the cells, although hemolyzed, behave as virtual 
non-conductors with very nearly the same capacity as intact cells.  This would 
be expected if lysis were the result of the formation of holes the combined area 
of which was of the order of 1/10,000th of the cell surface.  Sxponin in large 
concentrations, however, breaks down the membrane so completely that both 
resistance and capacity disappear. 
In the last resort, we have to turn to those cases in which the lysin brings 
about  hemolysis  in  quantities  too  small  to  cover the  cell surface.  I  have 
already remarked that, despite the results of spreading experiments, there is 
considerable doubt as to whether the smallest lytic quantities of sodium oleate 
and of saponin are sufficient to cover the cell surface with a monolayer, but the 
case  of rose  bengal  leaves  no  doubt  at  all.  This photodynamic lysin  will 
produce hemolysis in  a  concentration of  10  -8 ~J  in  the  light  (Blum,  1935); 
taking an in vitro hemolytic system with 2.(10  s) ceils in a volume of 10 cc. of 
10  -~ ~  rose bengal, we  have a  total surface of  about 2.(10  I°)  /z  2,  and about 
3.(10  S) molecules per/~2.  If the area covered by each dye molecule is  1,000 
~,  only about 1/30th of  the  cell  surface would be covered by the dye, even 
if all of it were concentrated at the cell surface, which it is not.  5  Calculating 
similarly for erythrosin, which  produces lysis  in  a  concentration of  10  -~ 
in the light, about ~rd of the cell surface might be covered, but again this is a 
maximum  estimate.  The same  conclusion is  arrived  at by considering the 
The shape of the rose bengal molecule when at the red cell surface is not known. 
Its molecular  weight is about 1000; remembering  that the serum albumin molecule, 
with a molecular weight of about 67,000 and some asymmetry, has a surface of about 
9,000 A  2, 1000 A  2 is probably an over-estimate of the surface of the dye molecule.  It 
may be mentioned here that there is some legitimate objection to the use of rose bengal 
as an instance of a lysin which does not cover the cell surface, for the lysis is due, 
strictly speaking,  to an oxidative process induced by the light to which the system 
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acceleration of saponin hemolysis, for benzene and p-di-brom-benzene produce 
considerable acceleration when there is only enough present to cover a  part 
of the cell surface, even if all the available molecules are concentrated there 
(Ponder,  1939). 
Because lysis occurs at spots or patches in the membrane, and because pig- 
ment escapes through holes,  it does not follow, however, that  the lysin acts 
only at these spots or patches.  On the contrary, we suppose that it acts all 
over the membrane provided that it is present in sufficient concentration to do 
so,  and  combines with  a  membrane  component or  components in  order  to 
produce breakdown (Ponder, 1926 a; Ponder and Yeager,  1930).  If we sub- 
scribe to the all-or-none law in relation to hemolysis (Saslow, 1929; Parpart, 
1931), the first question is whether there is enough lysin in any given system 
N 
xo~ 
I 
0  ~  x~f~} 
FIo. 3.  Diagrammatic frequency distribution for resistances of various areas in the 
cell membrane.  For explanation, see text. 
to break down even one spot.  In the case of any one red cell, we can suppose 
that the membrane is made up of areas of different degrees of resistance to the 
lysin, and that the resistance  of  these areas is distributed according to some 
form of frequency curve.  This resistance is measured by the amount of lysin 
x required to break down the area, and, for simplicity's sake, may be thought 
of as the thickness of the membrane at the area under consideration, the thick- 
ness varying from area to area.  There will then be a  few areas of least re- 
sistance xz, many of mean resistance x,~, and a few of greatest resistance xg, but 
the resistance xz is not zero, so the frequency distribution will be something 
like that in  Fig.  3.  The lyric reaction, or the  "fundamental process," is a 
function of time, 
,~x/~  -  ~(c  -  x),,.  (5) 
so a time t must elapse before the quantity of lysin x~ is transformed as a result 
of its reaction with the membrane component, and before the weakest areas 256  ACCELERATION  OF  HEMOLYSIS 
break down.  If hemolysis of the single cell is all-or-none, lysis will begin at this 
time, pigment escaping at such a rate as to give a fading time f.  Meanwhile, 
even during  this brief fading time, the fundamental process is proceeding all 
over the surface, next involving areas a little more resistant than xz, then areas 
more and more resistant, and, if the concentration c of lysin is great enough and 
the fundamental reaction fast enough, destroying as much as 10 per cent of the 
membrane component within  the  fading  time  itself  (Ponder  and  Marsland, 
1935)?  After  the  cell  has  hemolyzed  the  reaction  continues  by  the  lysin 
combining with the material of the ghost, to cease only when xg has been trans- 
formed or the lysin exhausted. 7  In general, the number of holes N  produced 
at any time t can be found by solving expression (6) simultaneously with 
N  ffi ~o  F(x).dx  (7) 
F(x)  being  the  frequency distribution  referred  to  x  =  0,  and not  to x~,  as 
origin. 
In any experimental hemolytic system, of course, the lysin is reacting with 
other cells at the same time.  Each of these has areas of least resistance xz, of 
mean resistance x~, and of greatest resistance xu, but, since the individual cells 
have different resistances to the lysin, the various values of xl are themselves 
distributed according to some form of frequency distribution, and the same for 
all the values of x,~, xg, etc.  It is these frequency distributions which are in- 
volved in the calculation of percentage hemolysis curves by the simultaneous 
solution  of equations  exactly like  (6)  and  (7),  the  one  for the  fundamental 
reaction  rate,  and  the  other for the  distribution  of resistances  (Ponder  and 
Yeager,  1930,  equations 3  and 5).  8 
s Because a  cell can hemolyze in a  system of low lysin concentration when only 
about 1/10,000 of its surface area is broken down to form a few small holes, it must not 
be supposed that such a small amount of destruction occurs when the amount of lysin 
is great.  This point seems to give rise to some difficulty,  as also does the idea of a 
lysin acting over the entire surface but producing lysis only at spots.  The rusting of a 
tin can provides a very useful analogy. 
The reaction with the ghosts proceeds with a  falling  velocity constant and the 
equilibrium  conditions are peculiar  (Ponder,  1935), but  these  complexities  do not 
affect the present argument. 
8 Historically, the idea of a frequency distribution of the resistances of areas in the 
individual cell membrane is only a further extension  of the idea  of discontinuity in 
hemolytic systems.  In the first quantitative treatment of the kinetics of hemolysis, 
Arrhenius treated the cells as if they were molecules, and wrote the velocity of the lyric 
reaction as a function of the number of cells remaining unhemolyzed.  This is all the 
more strange, as Arrhenius emphasized the importance of variation in cell resistance 
in  several other connections.  The idea  of variation in resistance and of a  funda- 
mental reaction between the lysin and the cell surface was first clearly incorporated 
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If the lysin is present in concentration less than c,®, even the weakest areas 
do not break down, for xz is not transformed.  Further suppose that the cell 
surface is incompletely covered; e.g.,  that only 1/10th of it is covered.  This 
will make no difference to the application of expression (7), for an area as great 
as 1/10th is certainly an almost perfect sample of the whole,  ~ but the concen- 
tration of lysin will be reduced to 1/10th, and this will affect both the rate and 
the position of the asymptote in expression (6) by changing the value of the 
term  (c  --  x). 
If an accelerator is present under such circumstances, its effect will be to 
increase  the activity of the lysin by l/R,  so  that  a  sub-lyric concentration 
becomes lytic if it is greater than the value given by expression (4).  But, since 
the surface is incompletely covered, the effect of the accelerator is reduced in 
proportion because it cannot affect a  lysin which is not there to be affected; 
otherwise the reaction proceeds as before. 
The falling-off of the acceleration in systems containing less lysin than c8 
accordingly leads to the idea of hemolytic systems in which the cell surface is 
incompletely covered with lysin, while at the same time we undoubtedly have 
many cases (e.g. eosin, sodium stearate, smilacein, and, indeed, the majority 
of the less powerful lysins) in which the smallest amount of lysin needed for 
hemolysis is enough to cover the cell surfaces many hundred times.  At this 
point we have to return to the beginning of the argument and define what we 
have been speaking of as "covering."  The idea of monolayer formation will 
not  do,  so,  remembering  that  the  argument  has  been  based  on  "complete 
covering"  corresponding  to  c,,,  and  now  dropping  the  idea  of  monolayer 
formation, we can substitute for "covering" the production  of a state resulting 
in the transformation of the quantity xt.  This definition does not involve mono- 
layers or multilayers, but has reference to the reaction between the lysin and 
the membrane component and to that only.  If the state corresponding to x, 
is reached by the lysin in concentration c, or greater and in the absence of an 
accelerator, lysis will take place (see Fig. 3), while if an accelerator is present, 
all the reacting lysin will be affected by it.  If the lysin is less than c8,, xz will 
not  be  transformed,  but  the  smaller amount  which  is  transformed may be 
enough to produce lysis in  the presence of an  accelerator, and  the  smallest 
amount which can be effective in this way, and which we can call x,, is given by 
expression (4).  Under such circumstances the full effect of the accelerator is 
reduced because the reactive lysin is less than cs ~. 
9 If there is only enough lysin to cover 1/10thor the surface, it will notdo to suppose 
that it covers 1/10th of the surface in one great patch  (as in Ponder and Neurath's 
experiments), for the experimental results are not derivable from such a state of affairs 
by the reasoning which I have used.  The necessary  condition is one of discontinuity, 
in the sense that areas at which the lysin acts are separated by areas at which it does 
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This statement of the conditions covers the numerous cases in which the 
smallest amount of lysin capable of producing lysis is much greater than that 
required to cover the cell surfaces, the rarer cases in which it is much smaller, 
and those cases where, apparently coincidentally, the cell surface is just about 
covered.  I  think that too much emphasis has been placed on the last of these, 
perhaps because they can be so e~sily accounted for in the light of spreading 
experiments.  The type of case which is more general, however, is the one first 
mentioned. 
Finally, on this hypothesis we are able to arrive at some idea of the form of 
the frequency distribution F(x) in expression (7); i.e., of the distribution of the 
resistances of the areas in the cell membrane.  This we can do from Ponder 
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FIG. 4.  Frequency distribution of resistances derived from Ponder and Marsland's 
values for fading times in saponin  systems.  Ordinate, number of areas of a resistance 
x, in arbitrary units; abscissa, lysin x transformed, also in arbitrary units.  For fur- 
ther description,  see text. 
and Marsland's Fig.  1, which shows the average fading time of cells selected 
at random as a function of the dilution of lysin in the system.  The curve is 
sigmoid, and this ought to have suggested to us at the time that it involves the 
integral of some frequency distribution.  Plotting the fading time as ordinate 
and the lysin concentration in micrograms/co, as abscissa  gives another sig- 
moid curve, which, when differentiated graphically, gives Fig. 4.  This curve 
is an approximation to the form of the desired frequency distribution N  =  F(x). 
It is very skew.  This is no doubt due in large part to both observation and 
theory being faulty for concentrations greater than about 100 micrograms/co,  m 
t0 Two assumptions which are made are (a) that the diameter of each of the N holes 
is uniform, and (b) that the amount of lysin transformed during the fading time is ERIC PONDER  259 
(a dilution of 1 in 10,000), but it may be a reflection of the fact that the amount 
of lysin used up at equilibrium in a system in which stromatolysis is allowed to 
proceed is very much greater than that needed to complete hemolysis (Ponder, 
1935).  If so, we have another instance of extreme skewness in connection with 
hemolytic systems, for the distributions of the resistances of individual cells to 
saponin are very skew (Ponder, 1930); here again, however, there is doubt as 
to the underlying theory and as to whether correction terms are not required 
(Ponder, 1931,  1934 a n and  1934 b~).  We can, however, make one deduction 
from the shape of the curve.  The origin N  =  0 occurs, on the scale used, at 
about 40 micrograms, while the mode occurs at about 80 micrograms.  Thus 
the amount of lysin transformed as we pass from xz to x~ is about the same as 
that transformed during the "latent period;" i.e., as we pass from zero to xz. 
Further,  the scatter  (x~  --  xz)/x,~  is only about 0.5,  which means  that  the 
resistance of the membrane, while varying from point to point, is remarkably 
uniform.  This is at least in keeping with what is known about the considerable 
degree of regularity of membrane ultra-structure (Schmitt, Bear, and Ponder, 
1936,  1938). 
SUMMARY 
The acceleration of saponin hemolysis by benzene, indol, and nonyl alcohol 
has been investigated as a function of temperature, and it has been found that 
these accelerators have negative temperature coefficients.  This points to their 
being concentrated at the cell surface, and to the surface being the seat of their 
accelerating action. 
It is shown that the accelerating power of indol (used as a typical accelerator) 
is constant so long as the lysin in the system is capable of producing lysis per se, 
but that the acceleration falls off when only sublytic concentrations are present. 
The relations are expressed in a series of equations, and explained in terms of 
the reactions among the accelerator, the lysin, and the membrane component, 
proportional to the lysin concentration in the  system.  ' Both assumptions  are good 
enough for a first approximation, and, after all, the curve in Fig. 4 is little better than 
the result of curve tracing.  The course of the curve above the mode is, I  think, of 
very little significance, for neither the theory nor the observations are good enough. 
The apparent skewness depends a great deal on the length of the very short fading 
times in systems containing concentrated lysin, and a small  change in the course of 
Ponder and Marsland's curve would produce an enormous change in the course of the 
upper part of Fig. 4.  Under any circumstances,  moreover, the form of the frequency 
distribution above the mode is of little interest in connection with hemolytic systems, 
for the lysis of any individual cell commences when xz is transformed and, except in 
the case of the most rapid reactions, must be complete by the time x,~ is reached. 
n p. 193 and following pages. 
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which breaks down in spots, rather than uniformly, when lysis occurs.  The 
argument involves a consideration of the idea that a monolayer of lysin at the 
cell surface is necessary for hemolysis, of Abramson's hypothesis of "key spots" 
on the surface, of the rate of escape of hemoglobin from the hemolyzing cell, 
and  of  the  results  of  electrophoretic  and  impedance  measurements.  The 
existing theory of the kinetics is extended by introducing the idea of a variation 
in resistance from point to point in the cell membrane; in this form it describes 
the situation so far as is at present known, and shows that the results of the 
various methods of investigation are  consistent with each other.  The only 
idea discussed which seems to have little foundation is that lysis is determined 
by the formation of a monolayer of lysin at the cell surface; when this occurs, 
it must do so only as a special case.  Finally, a semi-quantitative description 
of the frequency distribution of the resistances in the membrane is derived from 
existing data.  The variation in resistance which it is necessary to assume is 
quite small, as might be expected in the case of a  membrane with a  regular 
ultra-structure. 
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